Chinese bayberry (Myrica rubra Sieb. et Zucc., Myricaceae) is a subtropical evergreen fruit tree native to China and other Asian countries that bears delicious, juicy fruit rich in healthy compounds (Chen et al., 2004 Zhang et al., 2008) . In addition to being consumed fresh, various processed products, especially juice, are produced and some of them are available on overseas markets (Joyce, 2007; Karp, 2007) . Today the crop has become one of the most important fruit tree crops in southern China with a production area reaching 865,000 acres, which even exceeds the area for citrus production in the United States (Karp, 2007) . The fruit has gained international attention and acceptance in recent years for its unique appearance, flavor, and mouth feel (Joyce, 2007; Karp, 2007 Karp, , 2008 .
Chinese bayberry is a fruit with a long cultivation history of over 2000 years, but with only a three-decade-long research history. Its genetic diversity is far from being well investigated as compared with other main fruit crops in China. As many as 305 accessions were recorded with 268 among them being named as cultivars (Zhang and Miao, 1999) . The cultivars were mostly classified on the basis of ripening date, fruit color, fruit weight, and stone characters, but there has not been consensus on cultivar classification (Chen et al., 2004) . Occurrence of synonyms (a same cultivar with different names) as well as homonyms (different cultivars with the same name) are common. For example, the commercial production of this fruit crop frequently encountered difficulties in cultivar identification and discrimination. In addition, the degree of genetic diversity among the cultivars is poorly known.
Isozyme analysis (Handa and Kajiura, 1991) , and later, random amplified polymorphic DNA (RAPD) (Lin et al., 1999) , were applied for cultivar discrimination of Chinese bayberry. However, the isozyme patterns can be affected by factors such as developmental stage, whereas the RAPD results are generally of low repeatability as a result of the shortcomings of the technique. Such results need to be confirmed with other molecular marker techniques. Recently, intersimple sequence repeat (ISSR) was applied to investigate genetic relationships between Chinese bayberry accessions (Pan et al., 2008; Qian et al., 2006; Qiu et al., 2002; Xie et al., 2008) , but these studies included relatively few genotypes (no more than 15 cultivars or lines).
In the present study, a collection of 100 Chinese bayberry accessions, 98 of them cultivars or lines, were analyzed by amplified fragment length polymorphism (AFLP), a reliable molecular marker with wide applications such as in parentage analysis, hybrid identification, cultivar discrimination, and genetic diversity studies (Heidi and Andrew, 2007) . Through our data, we established the genetic relationships of commonly cultivated Chinese bayberry accessions, which can contribute to discrimination and sorting of cultivars and lines, evaluation and use of genetic resources, conservation of germplasm, and cross-breeding as well.
Materials and Methods
Plant materials. One hundred Chinese bayberry (Myrica rubra Sieb. et Zucc.) accessions and one wax myrtle (M. cerifera L.) from the China Bayberry Germplasm Repository, Yuyao, Zhejiang Province, China, were used in this study (Table 1) . Ninety-nine Chinese bayberry accessions involved in this study were introduced from seven provinces of China (Fig. 1) , and 71 of them were from Zhejiang Province, the largest producing area in China. In addition, one accession of Chinese bayberry and the wax myrtle were from Japan and the United States, respectively (Table 1) . Young leaves were collected and subsequently frozen in liquid nitrogen and then stored at -70°C until use.
Analysis methods. Total genomic DNA was extracted from young leaves using an improved cetyltrimethylammonium bromide (CTAB) protocol. One gram of leaves was ground in liquid nitrogen to a fine powder before addition of 5 mL CTAB buffer (2%, w/v, CTAB, 100 mM Tris-HCl, 50 mM EDTA, 1.4 M NaCl, 0.5%, v/v, b-mercaptoethanol, pH 8.0). The mixture was incubated at 65°C for 45 min followed by three extractions with an equal volume of chloroform/isopentanol (24:1). The supernatant was decanted and precipitated with cold isopropanol. The pellet was washed three times in 75% ethanol before being dissolved in TE buffer. RNA was removed by digestion with deoxyribonuclease-free ribonuclease A followed by chloroform/isopentanol extraction, ethanol precipitation, and finally the DNA pellet was redissolved in TE buffer. DNA concentration was quantified spectrophotometrically at 260 nm and was then adjusted to 100 ng/mL. AFLP was performed according to Vos et al. (1995) and Bao et al. (2008) except for the primers used. Restriction enzymes EcoRI and MseI were used. All polymerase chain reaction amplifications were repeated twice to ensure consistency. The amplified bands were scored as present (1) or absent (0) and only clear and unambiguous bands were considered valid. The percentages of polymorphic loci and Shannon's information index of the primer combination were calculated using the software package of POPGENE 1.31 (University of Alberta, Edmonton, Canada). Genetic similarity among all accessions was calculated according to Dice's similarity coefficients using the software NTSYS-pc 2.02 (Exeter Software, Setauket, NY). The dendrogram was constructed by FreeTree 0.9.1.50 (http://www. natur.cuni.cz/;flegr/programs/freetree.htm) using the unweighted pairgroup method with arithmetic averaging (UPGMA) option. The confidence of branch support was then evaluated by bootstrap analysis with 1000 replications. The dendrogram was printed using TreeView 1.6.1 (http://taxonomy.zoology. gla.ac.uk/rod/treeview.html).
Results and Discussion
Primer selection and amplification. Sixtyfour E-NN/M-NNN primer combinations were screened and six primer combinations were selected and applied to all accessions. The number of bands obtained with each primer combination ranged from 45 (E-AC/ M-CGC) to 34 (E-AA/M-CAA). With these six selected primer combinations, a total of 236 bands were amplified from 101 accessions, The group codes, included in parentheses, were generated and used in Table 1 to facilitate reading. The symbols before the accession codes indicate the region where the accession originated, with s, h, ), n,,, q representing Fujian, Guangdong, Hunan, Jiangsu, Jiangxi, and Taiwan Provinces, and , n, ¤, :,;, and w for Huzhou, Hangzhou, Jinhua, Ningbo, Taizhou, Wenzhou city of Zhejiang Province, as shown in Figure 1 , and # and § for Japan and the United States, respectively.
was 0.49 between species of M. rubra and M. cerifera. Similar results were also reported previously with RAPD analysis (Lin et al., 1999) . The highest similarity was 100% observed between Baimei (A36, indicating subgroup code, same as subsequently) and Dongzhuamei (A37), two accessions from Hunan Province with a white fruit color, suggesting that they are synonyms (Fig. 2) . Among most Chinese bayberry accessions, the similarity coefficients ranged from 0.75 to 0.90. Based on the Dice's similarity coefficient, a dendrogram was constructed using the UPGMA clustering procedure, and the 100 Chinese bayberry accessions could be clearly subdivided into two groups with five and two subgroups for each group, respectively (Fig.  2) . ISSR analysis also clustered Chinese bayberry accessions into two groups (Pan et al., 2008; Xie et al., 2008) , but not as clear as the clustering was for AFLP data. Furthermore, subgrouping of Chinese bayberry was not possible in these two studies because of the limited number of accessions involved.
Subgroup A included 26 accessions from Zhejiang, seven accessions from Hunan, and four accessions from Jiangsu. All 13 accessions with a white fruit color from Yuyao, Ningbo, Zhejiang Province (A1 to A10, A12 to A14) were closely clustered in this subgroup, suggesting narrow diversity of these accessions. Subgroup B included 20 accessions from Zhejiang, two accessions from Hunan, and one accession from Jiangsu. Interestingly, 13 accessions from Wenzhou, Zhejiang Province, were clustered in this subgroup, which accounted for more than half of the accessions included. Subgroup F included 30 accessions from all seven provinces of China involved in this study and one accession from Japan. Using isozyme analysis, Handa and Kajiura (1991) indicated that this Japanese accession, 'Ruiguangmei' (F14), also known as 'Zuiko', was introduced from China. The data obtained in this study supported this assertion. Accession 'Heiruilin' (F5), a cultivar from Taiwan Province, was also clustered in this subgroup and showed a close relationship with some accessions from Zhejiang Province. Subgroup F consisted of a high number of commercially important cultivars, including 'Biqi' (F12) and 'Dongkui' (F13), the two most widely sold cultivars.
The clustering results indicated that accessions from the same geographic region did not necessarily belong to the same genetic group. For instance, the 37 accessions in Group II covered all seven provinces involved in this study, suggesting that extensive gene flow must have taken place among these regions. However, connections between the genetic and geographical distribution of Chinese bayberry were also observed. For example, all four accessions from Huzhou City of Zhejiang Province appeared in Subgroup A, 13 of 16 accessions from Wenzhou City of Zhejiang Province in Subgroup B, and three of four accessions from Guangdong Province in Subgroup F. All except for one accession in Group I were from Zhejiang, Jiangsu, or Hunan Province only, suggesting that the gene flow occurred more frequently among these three provinces. Qian et al. (2006) made similar conclusions through analysis of 14 Chinese bayberry accessions originated in Zhejiang and Jiangsu Province by using ISSR.
There is no sign of clustering related to sex of the plant and color or size of ripe fruit. Two androphyte accessions involved in this study, 'Changxingxiong' (A23) and 'Xishanxiong' (F15), appeared in Subgroups A and F, respectively. Coincidently, the 21 accessions with white fruit color appeared in either Subgroup A or Subgroup F. 'Dongkui' (F13), a cultivar bearing the biggest fruits, with an average fruit weight of 20 to 25 g, was most closely related to 'Biqi' (F12) with average fruit weight of 9 to 10 g.
The 13 Yuyaobai accessions (A1 to A10, A12 to A14) and 'Shuijing' (F3) appeared in different subgroups, although all of them originated from the same city and the fruit is white. Unexpectedly, these 13 accessions had a closer relationship with 'Fenhong' (A16), a cultivar with a pink fruit color. The close relationship between 'Dafudayexidi' (A24) and 'Dafuxiaoyexidi' (A25) was consistent with the morphological similarity of these two cultivars that differ only in the size of the leaves. Accessions 'Zaose' (F4) and 'Chise' (F1), which only differ in ripening date, showed a close relationship in the dendrogram as well.
Lack of agreement of the results obtained in this study with those from previous studies was noticed. 'Dongkui' (F13) and 'Biqi' (F12), the two most widely sold cultivars, clustered together in this study, like in Pan et al. (2008) and Qian et al. (2006) , but was separated to two different groups as found by Xie et al. (2008) using RAPD and ISSR markers. This inconsistency might be the result of the differences in the number and geographical range of the accessions as well as the total number of amplification bands obtained as found in the individual studies. Because this study used the greatest number of accessions and obtained more than 200 amplification bands, the data presented here may be more reliable. Currently, we are applying simple sequence repeat (SSR), another molecular marker approach, in further analysis to confirm the data from this study. Thirteen SSR markers were developed from a genomic library of Chinese bayberry by Terakawa et al. (2006) , but further reports on application of these markers in genetic diversity analysis were not available. Furthermore, we recently began analysis of expressed sequence tag (EST) information from four fruit cDNA libraries of 'Biqi' to develop EST-SSR markers, which will be also applied in genetic diversity analysis.
In conclusion, AFLP was successfully applied to evaluate the genetic diversity of Chinese bayberry accessions. Chinese bayberry could be clearly distinguished from wax myrtle and could be subdivided into two groups. Subgrouping of Chinese bayberry was not related to the sex of the plant and color or size of the ripe fruit, but to some extent the region where the accession originated. The obtained data established the genetic relationships of commonly cultivated Chinese bayberry accessions and which can contribute to discrimination and sorting of cultivars and lines, evaluation and use of genetic resources, and management of germplasm as well.
